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(54) Method for treatment of waste water. 



@ A method for the treatment of waste water, which comprises wet oxidizing said waste water with a 
molecular oxygen-containing gas of an annourrt 1.0 to 1.5 times the aiTK)unt thereof theoretically 
necessary for decomposing at least one sutetance selected from the group consisting of organic 
sut^nces and inorganic sid)stances present In said waste water to. nitrogen* carbon dioxide, and 
water at a temperature not exceeding 37(rc under a pressure enough for sakl waste water to retain a 
liquid phase in the presence of a solkl catalyst comprising of a first cataiyfic component fonned of 
titanhjm cfioxide, a second catalytic component formed of the oxide of an element^of lanthanide series, 
and a third catalytic component containing at least one meta) selected from the group consisting of 
manganese, iron, cotsalt, nidcel, tungsten, copper, silver, gold, platinum, palladium, rhodium, 
ruthenium, and irklkim or a water-Insoluble or sparingly water-soluble compound of said metal. 
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EP0 43'i932A1 
METHOD FOR TREATMENT OIF WASTE WATEK 



BACKGROUND OF THE INVENTION 
Field of the invention : 

5 

' This invention relates to a method for the wet oxidation of a waste water containing a chemical oxygen* 
demanding substance (hereinafter referred to as "COD" component) In the presence of a catalyst More par- 
ticularly, It relates to a method for efnclent detoxification of a waste water containing harmful oxidlzable organte 
or inorganic sut>stances, i.e. a COD component, by the catalytic wet oxidation of the waste water in the presence 
10 of molecular oxygen thereby efTectlng conversion of such organic substances into harmless substances such 
as carbon dioxide, water, and nitrogen. 

Description of the Prior Art : 

IS In the methods for treatment of waste water, the biochemical method called as an ''activated sludge method" 
and the wet oxidation method called as "Zimmonmann method" have been popular. 

As universally known, the activated sludge method spends a long time In the decomposition of organic sub- 
stances and requires the waste water to be diluted to a concentration fit for the growth of algae and bacteria 
and, therefore, has the disadvantage that the facHitles for the activated sludge treatment demand a large floor 

zo area for their installation. Further in recent years, particularly In urt>an districts, the disposal of excess sludge 
arising from the treatment calls for a huge expense. The Zimmenrann method effects oxidative decomposition 
of organic substances contalnied In a high concentration in an aqueous solution by introducing alrundera press- 
ure in the range of 20 to 200 atmospheres at a temperature in the range of 200*" to ZTO'C into the aqueous 
solution. This method requires to use a large reaction vessel because the reaction proceeds at a low veloci^ 

25 and consumes a long time In the decomposition of organic 8Ut>8tances and also requires this, reaction vessel 
to be made of a material of high durability. The method, therefore, has an economic problem In terms of the 
cost of equipment and the cost of operation of this equipment Methods which use various oddizing catalysts 
for the purpose of heightening the reaction velocity in the treatment have been proposed. 

In the catalysts heretofore proposed for use in the method of catalytic wet oxidation, compounds of such 

30 noble metals as palladium and platinum (JP-A-49-44,556 (1974)) and compounds of such heavy metals as 
cobalt and Iron (JP-A49-94,157 (1974) have been popular. These catalysts have the aforementioned com- 
pounds deposited on spherical or cylindrical pieces of a carrier made of alumina, sQIca-alumina, silica gel, or 
activated carbon, for example. In the catalytic wet oxidation of a waste water, the waste water mare often than 
not has the pH value thereof adjusted to a level exceeding 9 in advance of the treatment Our study on these 

35 catalysts has revealed that, In the course of a protracted use, the catalysts suffer from loss of strength and 
reduction of size and. moreover, the carrier possibly succumbs to dissolution under the impact of the treatment 
In the case of an alumina type catalyst, for example, the loss of strength tends to occur on account of exudation 
of alumina. 

Recentiy, a method using titania orzlrconia as a canferfor the purpose of solving the problem of this nature 
40 has been proposed (JP-A-58-64,188 (1983)). This Invention discloses a catalyst having a compound of such 
a noble metal as palladium or platinum and a compound of such a heavy metal as Iron or cobalt deposited on 
spherical or cylindrical pieces of carrier made of titania or zirconia. The catalyst according with this Invention 
is indeed recognized to possess highly satisfactory strer^th as compared with the catalyst using the conven- 
tional cam'er. The catalysts of this dass invariably come In a particulate form. They are not fully satisfactory in 
45 catalytic activity or durability. The titania type catalysts, for example, are Oable to undergo loss of strengtti due 
to crystal transformation. 

In some cases, the oxide of an element of the lanthanide series has been used as a catalyst This catalyst, 
however, is not fully satisfactory in physical durability or mddabOlty. 

Methods using the combinations of a cerium compound witii such composite oxides as TiO^-ZrOa, TIOt- 
50 Si02-2r02, and TiO^ZnO for the purpose of further improving the conventional catalysts have been proposed 
(JP-A-63-158.189 (1988) and 1-218,684 (1989) to 1-218,686 (1989)), These catalysts are notably improved in 
durability and activity. They, however, prove at times to be Inferior in Initial activity to catalysts having catalyti- 
cally active substances deposited exclusively on ceria. 

Incidentally, in the wet oxidation of a waste water, the water is required to be treated In a very large amount 
55 More often tiian not, therefore, the method of using a fixed bed of catalyst in a flow system is adopted for tiie 
reaction. Further, the waste water firequentiy contains solid substances. In these cases, when the catalyst is 
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in a particulate form, the fixed bed suffers from heavy pressure loss due to the passage of the waste water 
therethrough and consequently fails to give to the waste water the treatment at a high linear velocity and, there- 
fore, requires to possess a large cross section for the flow of the waste water and give a proportionate addition 
to the floor area for the reaction vessel. In the case of the treatment of a waste water entralllng solid substances. 

5 the resistance offered by the fixed bed to the flowing waste water in consequence of the clogging of the bed 
with the solid substances is increased so much as to raise the running cost of the apparatus and render lasting 
operation of the apparatus impracticable. Specifically, in the treatment of waste water by tiie catalytic wet oxt- 
dation technique, since the reaction \s carried out at an elevated temperature under a high pressure, ttie 
increase in tiie floor area to be occupied by the reaction vessel entails a fatal problem of boosting the cost of 

10 equipment 

The fiuidized bed method which fluldb^es a powdery catalyst for the purpose of lowering the pressure loss 
caused by a catalyst bed has been proposed. This nnethod has not yet found utility in any practical application, 
however, because it entails the disadvantage that the treatment requires use of a huge reaction vessel owing 
to the inevitable decrease in the concentration of the catalyst and the separation of the catalyst from the treated 

IS waste water Is difficult 

There is also a method which effects ooddattve decomposition of organic substances in a waste water at 
normal room temperature under nonhal pressure by the use of ozone or hydrogen peroxide as an oxidizing 
agent JP-A-5&-55,088 (1983), for example, discloses a method which effects oxidative decomposition of 
organic substances such as humlc add contained in a waste water at 20**C under nonral pressure In the abs- 

20 ence of a catalyst by the use of ozone and hydrogen peroxide. JP-A-58-37,039 (1 983) discloses a method which 
comprises adding a surfactant to a waste water containing an organic compound possessing an arornatic ring, 
mbdng the resultant mbcture with at least one memfc>er selected from among com^unds of transition nnetais 
and aUcallne earth metal compounds, and ttien bringing ozone into contact with the produced mbcture at normal 
roomtemperature under a normal pressure and therefore effecting oxidative decomposition of the organic com- 

25 pound. Since the former method carries out the treatment in the absence of a catalyst it is incapable of effec- 
tively treating a waste water having sparingly oxidizable substances suspended therein. Since the latter metiiod 
uses the metallic ions of a transition metal or an alkaline earth metal as a catalyst, the treated waste water can- 
not be released In Its unmodified form from the equipment and must be purged of the nr>etallic ions in advance 
of the release and, therefore, has the disadvantage that the treatment requires an extra step for aftertreatment 

30 Both these two methods have the disadvantage that since they treat the waste water at normal room tempera- 
ture under normal pressure, the treatment consumes expensh^ ozone in a large amount the reaction proceeds 
atalowvelocity, tiie decomposition of organic substances occurs.ln alow ratio, and tiie ozone partially escapes 
tiie reaction and the unaltered ozone necessitates a treatment for detoxification. 

An otject of this Invention, tfierefbre. is to provide a method for effecting efficient and lasting treatment of 

35 waste water. 

Anotfier object of this invention is to provide a method for treating waste water efficlentiy at a high linear 
velocity. 

Yet another object of this invention is to provide a method for treating a waste water containing a solid 8ut>- 
stance stably at a high linear velocity for a long time. 

40 

SUMMARY OF THE INVENTION 

These objects are accomplished by a method for the treatment of waste water, which comprises wet oxidi- 
zing waste water whh a molecular oxygen-containing gas of an amount 1.0 to 1.5 times the tfieoretlcal amount 

45 thereof necessary for thoroughly decomposing at least one substance selected firom the group of organic sub- 
stances and inorganic substances present In said waste water into nitrogen, carbon dioxide, and water at a 
teiT^rature of not higher than 370*0 under a pressure enough for the waste water to retain a liquid phase in 
the presence of a solid catelyst comprising a first catalytic component fonmed of titenium dioxide, a second 
catalytic component formed of the oxide of an element of the lanthanide series, and a tiiird catalytic component 

50 containing at least one metal selected from ttie group consisting of manganese, iron, cobalt, nickel, tungsten, 
copper, sDver, gold, platinum, palladium, rhodium, ruthenium, and Iridium or a water-Insoluble or sparingly wa- 
ter-soluble compound of tiie metal. 

This invention further concerns a method for the treatment of waste water, wherein the catalyst is in the 
fom of a monditiilcally constructed structure. This invention also concerns a method for the treatment of waste 

55 water, wherein the catalyst is in thefonn of honeycombs soshaped that the through holes thereof have an equhr- 
alent diameter in ttie range of 2 to 20 mm. tiie cells tiiereof have a wail thickness in tiie range of 0.5 to 3 mm, 
and the openings thereof account for a ratio in the range of 50 to 80%. Further, this invention concerns a method 
for the treatment of waste water, wherein the simulteneous passage of the waste water and the oxygen-con- 
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talning gas through the catalyst is effected In the presence of ozone and/or hydrogen peroxide. 

The catalyst contemplated by this invention is characterized by using titanium dioxide and the oxide of an 
element of lanthanide series as catalytic components. 

The oxides of elements of the lanthanide series exhibit a catalytical acfivity even in their simple forms. Since 
5 they have poor moldability, however, they cannot be easOy molded in the shape of pellets or honeycombs. Dur- 
ing their use in a long term reaction for the treatment, they are degraded in physical strength and this degra- 
dation forms a cause for deterioration of their catalytic acth^ity. 

We have found that this problem can be soh^ed by the combinations of titanium dioxide and the oxides of 
elements of the lanthanide series. These combnnations are excellent in moldability and in physical stability as 
10 well, sparingly susceptible of degradation in strength and acfivity of catalyst, and capable of withstanding a long 
term use. 

When the powder obtained by coprecipitating the titanium compound and the lanthanide compound, impre- 
gnating, and intimately mbdng the mixture as with a ball mill mbcer, and calcining the resultant powder is used 
as a raw material ftjr the catalyst, it produces a desirable effect of lending Itself to Improving the homogeneity 
is of catalyst and to further enhancing the stability of strengtti and activity. 

The adoption of tiie technique of coprecipitation proves to be particulariy advantageous among other con- 
ceivable techniques in the sense titat tiie coprecipitation Increases ttie BET (Bmnauer-Emmet-Teller) specific 
surface area of the powder, fairiy facilitates the molding of tiie powd^in ttie shape of honeycombs, and widens 
the variety of catalyst shapes selectable to suit a gh^en waste water. 
20 The catalyst of this invention is sparingly decomposable under the conditions of wet oxidation and, there- 
fore, capable of exhibiting a high catalytic activi^ to acetic acid which often persists in-a high concentration in 
varying waste water during tiie treatment The catalyst of this Invention, therefore, effects tiie treatment of acetic 
add wltti high efticiency and manifests an outstanding effect in enhancing the efficiency of treatment of varying 
waste water at low temperatures. 

25 

EXPLANATION OF THE PREFERRED EMBODIMENT 

The catalyst to be used in tiie present Invention contabs titankjm dioxide as tiie first catalytic component, 
tiie oxide of an element of lantiianide series as the second catalytic component, and at least one metal selected 
30 from the group consisting of manganese, iron, cobalt, nickel, tungsten, copper, silver, gold, platinum, palladium, 
rhodium, ruttienlum, and iridium or a water-insoluble or sparingly water-soluble compound of tiie met^ as tiie 
third catalytic component 

The BET surface area of tiie titanium dioxide as the first catalytic component of the catalyst to be used in 
the present invention is desired to exceed 10 m^/g, preferably to ^1 in tiie range of 30 to 120 m^g. 

35 At least one of ttie oxides of tiie elements of Lantiianide series such as lantiianum, cerium, praseodynu'um, 
neodymium, and samarium can be used as the second catalytic component serving the purpose of frnproving 
tiie stability of catalyst Particulariy, at least one of tiie oxides of lantiianum, cerium, and neodimium among 
otiier elements of lanthanide series proves to be desirable because it is effective In enhancing the stability of 
catalyst and the catalytic activity. 

40 As respect the proportions of the catalytic components of the catalyst to be used in this invention, the pro- 

portion of the first catalytic component is preferable to be In tfie range of 5 to 98% by weight as oxide, tiiat of 
the second catalytic component in the range of 2 to 95% by weight as oxide, and that of ttie ttiird component 
In tiie range of 0.05 to25% by weight as metal or compound. Preferably, ttie amount of manganese, iron, cobalt, 
nice!, tungsten, copper, and silver among ottier elements to be used in tfie composition of tiie ttiird catalytic 

45 component is In tfie range of 0 to 25% by weight as compound (oxide or sulfide, for example) and tiie amount 
of platinum, gold, palladium, rhodium, ruthenium, and iridium to be used is in the range of 0 to 10% by weight 
as metal (providing tfiat tfie total amount of tiie two species of metals mentioned above is in tfie range of 0.05 
to 25% by weight). More preferably, tfie proportion of tfie first catalytic component is in the range of 1 0 to 96% 
by weight as oxide, that of the second catalytic component in ttie range of 4 to 90% by weight as oxide, and 

so tiiat of tfie ttiird catalytic component In tiie range of 0.1 to 9% by weight as metal or compound. Stni more desi- 
rably, tiie proportion of the first catalytic component is in the range of 10 to 84% by weight as oxide, that of ttie 
second catalytic component in the range of 16 to 90% by weight as oxide, and ttiat of the third catalytic com- 
ponent In ttie range of 0.1 to 9% by weight as metal or compound. Preferably, ttie amount of manganese, iron, 
cobalt, nickel, tungsten, copper, and sflveramong otiier metals avaOablefor the composition of ttie tti W catalytic 

55 component Is in ttie range of 0 to 9% by weight as compound and tiie amount of platinum, gold, palladium, 
rhodium, ruthenium, and iridium to be used is In ttie range of 0 to 5% by weight as metal (providing that ttie 
total amount of ttie two spedes of metals mentioned above is in the range of 0.1 to 9% by weight). Incidentelly, 
the total amount of the first, second, and third catalytic components Is 1 00% by we^ht 
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If the proportion of the third catalytic component deviates from the range mentioned at)ove» the produced 
catalyst is deficient in oxidative activity. In the case of such a noble metal as platinum, palladium, or rhodium, 
the cost of raw material is unduly high and the produced catalyst Is incapable of manifesting a sufTiclent effect 
proportionate to the cost If the proportion of the first catalytic component and that of the second catalytic com- 

5 ponent deviate from the respective ranges mentioned above, the produced catalyst is deficient in resistance 
to hot water and undesirable in terms of catalyst life. 

The catalyst to be used in the present invention is preferable to be composed as defined above. The shape 
of this catalyst may be selected lirom among various shapes such as pellets, beads, rings, saddles, powd^, 
random fragments, and Integrally constructed structure such as honeycombs, for example. Among other 

10 shapes mentioned above, that of honeycombs proves to be particulariy desirable. In this particular shape,.the 
through holes have an equivalent diameter In the range of 2 to 20 mm, preferably 4 to 12 mm. If this equh/alent 
diameter is less than 2 mm, the through holes incur heavy pressure loss and, particularly when the waste water 
contains solid substances, tend to be dogged possibly to the extent of rendering a protracted use of the catalyst 
impracticable, if the equivalent diameter exceeds 20 mm, though the pressure loss is small and the possibility 

IS of dogging. Is low, the amount of the catalyst to be used for manifestation of a stated efUdency of treatment 
must t>e increased proportionately to the Increase in the diameter. The diameter of the through holes is limited 
by the relation between the effldency of treatment and the performance of the catalyst Itself. 

The cells have a wall thickness in the range of 0.5 to 3 mm, preferably 0.5 to 2 mm. If the wall thickness 
is less than 0.5 mm, the produced catalyst enjoys the advantage that it incurs only a small pressure loss and 

20 acquires a reduction in weight and yet suffers from the disadvantage that the catalyst loses mechanical strength. 
If the wall thickness exceeds 3 mm, the catalyst has suffident mechanical strength and yet suffers from the 
disadvantage \hat it experiences heavy pressure loss. 

For the same reason as gh^en above, the ratio of openings Is in the range of 50 to 80%, preferably 62 to 
76%. 

25 With due respect to the true state of affairs mentioned at>ove, the catalyst of the shape of honeycomt>s to 
be used parteiHariy preferably in the present Invention has through hdes 2 to 20 mm in equivalent dtanieter 
and cells 0.5 to 3 mm in wall thickness and openings 50 to 80% in ratio. Even under such severe reaction con- 
ditions as a high reaction temperature in the range of 100** to 370^C and a high reaction pressure enough for 
waste water to retain a liquid phase, the honeycomb-shaped catalyst fulfiiring the requirements mentioned 

90 abavB possesses ample mechanical strength and a sufficientiy large geometric surface area. It, therefore, 
excels in durability and allows waste water to be treated at a high linear velodty with low pressure loss. Even 
when the waste water contains solid substances, this catalyst is enabled to retain high activity over a long period 
without entailing the phenomenon of dogging. 

The cross-^ectiqnal shape of the through hdes may be a redangle, hexagon, or a coirugated drde on the 

35 condKlon that the equhralent diameter of the through holes is in the range mentioned above. 

In the present invention. It Is preferatHe to use molecular oxygen and ozone and/or hydrogen peroxide as 
oxidizing agents because they enable such organic compounds as acetic add which are held to be rather insus- 
ceptible of oxidation to be decomposed with high efficiency and allow the reactton to proceed at relatively low 
temperature and pressure. Further, since the catalyst of this invention possesses an ability to decompose ozone 

40 to oxygen, it is characterized Kiy possessing the advantage of substantially decomposing the waste ozone and 
preventing the waste ozone from leaking Into the ambient air. 

The amount of the ozone to be used is sufficient in the range of 0.001 to 1.2 mols. preferably 0.003 to 0.6 
rTK)l, per md of the anK)unt of oxygen theoretically necessary for effecting thorough decomposition of the 
organic and inorganic substances present in the waste water into nigrogen. carbon dioxide, and water. The 

45 amount of hydrogen peroxide to be used s suffident in the range of 0.01 to 1.8 mols. preferably 0.003 to 0.2 
md, per md of the aforementioned theoretical amount of oxygen. When ozone and/or hydrogen peroxide is 
used in oomt>tnation with molecular oxygen, though the reactton tennperature varies with the behavior of the 
waste water, the amount of the oxkliztng agent to be used, and so on. It is lower than when molecular oxygen 
alone Is used. In case where the reaction temperature faBs In the range of 200^ to 300^ when the nfK>lecular 

so oxygen is used. It falls approxInDately in the range of 100^ to 250**C when the oxidizing agent is additionally 
used. 

The starting raw material for the titanium to be used in the first catalytic component of the present invention 
may be selected from among such inorganic titanium compounds as titanium chloride, titanium sulfate, titanium 
hydroxkle, titanium dioxide, and titania sd and such organic titanium compounds as titanium oxalate and tet- 
55 laisopropyi titanate. 

The starting materials for elements of lanthanide series usable for the second catalytic component of this 
krvention indude oxides, hydroxides, and inorganic salts, for example. The starting raw materials for cerium 
are cerium acetate, cerium nitrate, cerium sulfate, cerium oxide, and ceria sol. for example. The addition of this 
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starting materia) to the titanium dioxide can be favorably attained by the following methods. 

(1) A method which comprises dissolving a sait of a ianthanide series element in a solution of a titanfum 
salt, adding ammonia to the resultant solution thereby inducing precipitation, washing the precipitate, 
drying It, and calcining the dried precipitate at a temperature In the range of 300'' to 900<'C. 
5 (2) A method which comprises suspending a finely powdered oxide of a lanthanum series elentent in a 

solution of a titanium salt, adding ammonia to the resultant solution thereby inducing precipitation, waslv 
ing the precipitate, drying It, and caloning the dried precipitate at a temperature in the range of 300** to 

9oo°a 

(3) A method which comprises impregnating uncaldned TIO2 with a salt solution of a Ianthanide series 
10 element, drying the impregnated titanium dioxide, and calcining the dried titanium dioxide at a tempera- 
ture In the range of 300*" to 900®C; 

(4) A method which comprises adding a finely powdered oxide of a Ianthanide series element to uncal- 
clned TiOa, subjecting the resultant mbcture to wet or dry pulverization and mixture in a ball mill, drying 
the pulverized mixture, and calcining the mixture at a temperature in the range of 300' to 900**C. 

15 (5) A method which comprises impregnating precalclned TIO2 with a salt sduGon of a Ianthanide series 

element, drying the pregnated titanium dioxide, and calcining the dried titanium dioxide at a tempera* 
ture in the range of 300<* to 900°C. Optionally, In the impregnation, the aforementioned salt solution may 
be used in the form of a mbced solution with a salt solution of the third catalytic component 
In the methods mentioned above, those of (1) to (4) probe to be preferable. In these four desirable methods. 
20 the method of (1) proves to be partlculariy preferable. 

The starting materials which are effectively usable for the composition of the third catalytic cwnponent 
include oxides, hydroxides, inorganic salts, and organic salts, for example. They are suitably selected from 
among ammonium salts, oxalates, nitrates, sulfates, and halides, for example. 

The production of a catalyst by the addition of manganese, Iron, nidrel, cobalt, tungsten, copper, silver, 
25 gold, platinum, palladium rhodium, ruthenium, and/or iridium to the first and second catalytic components is 
accomplished by causing an aqueous solution of salts of these metals to be deposited by means of Impreg- 
nation on a mended structure of the first and second catalytic components, drying the impregnated structure, 
and calcining the dried structure. 

Otherwise, the production may be attained by a procedure which comprises Impregnating a carrier formed 
30 of the first catalytic component with an aqueous solution of the mixture of metal salts respecthrely of the second 
catalytic component and the third catalytic component, drying the impregnated aggregate, and calcining the 
dried aggregate. 

Still otherwise, the production may be accomplished by a procedure which comprises adding an aqueous 
solution of the aforementioned metal salts in combination with a molding agent to a powder formed of the first 
35 and second catalytic components and kneading and molding the resultant mbcture. 

When the catalyst to be used in the present invention is produced by calcining, at a temperature In the range 
of 600* to goo^'C, a powdered or molded aggregate formed of the first and second catalytic ccmnponents, it 
enjoys a still greater improvement In physical durability under the reaction conditions. 

In accordance with the present Invention, the supernatant and the sedimented activated sluge resulting 
40 from the treatment with activated sludge, the waste water from fermentation, the waste water from the process 
of polymerization of organic cmpounds, the cyan-containing waste water, the phenol-containing waste water, 
the oil-containing waste water, the waste water from other chemical plants, the Industrial effluents from food 
plants, and the waste waters containing such oxidizable organic or Inorganic substances as excrements, sew^ 
age. and sewer sludge can be treated by wet oxidation. When the honeycoml>-shaped catalyst is used In the 
45 present invention, the treatment can be continued stably for a long time even on a waste water containing solid 
substances In a concentration of 0.1 g/liter. 

As respects the reaction conditions in the present invention, the reaction temperatwe is not h^her than 
370<»C, and is generally In the range of 100« to STO'C, preferably 160* fo 300*»C. The pressure crfthe reaction 
system is only required to be enough for the waste water inside the reaction column to retain a liquid phase, 
so namely a pressure approximately in the range of 1 to 230 l^g/m*. The molecular oxygen-containing gas to t>e 
fed to the reaction system Is used in an amount 1 to 1.5 times the amount of oxygen necessary for the oxidative 
decomposition. The amount of the catalyst to be used Is approximately In the range of 5 to 99% of the inner 
volume of the reaction column. The waste water Is fed in combination with the molecular oxygen-containing 
gas to the catalyst bed at such a rate that the residence time for oxidation is In the range of 2 fo 120 minutes, 
65 preferably 4 to 60 minutes. 

The molecular oxygen-containing gases which are effectively usable In this invention include ar, the mixed 
gas of oxygen and air, and a gas generally called as an oxygen-enriched air, for example. Though the pli value 
of the reaction system may be on the add side or on the ailcail side, it Is desired to be not more than 9, preferably 
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not more than 7. 

Concerning the reaction conditions to be adopted where ozone and/or hydrogen peroxide is used as an 
oxidizing agent in connbination with molecular oxygen, the reaction temperature is in the range of 100** to 250''C, 
the reaction pressure is to be enough for the waste water to retain a liquid phase within the reaction tower, 
5 specifically a pressure in the range of 1 to 200 kg/cm^, and the residence time Is in the range of 3 to 1 20 minutes, 
preferably 5 to 60 minutes. The amount of ozone to be used is In the range of 0.001 to 1 .2 mols. preferably 
0.003 to 0.6 nK>l, per mol of the aforementioned theoretical anmunt of oxygen. Then, the amount of hydrogen 
peroxide to be used is in the range of 0.001 to 1.8 mols, preferably 0.003 to 0.2 mol. per mol of the theoretical 
amount of oxygen. 

10 Now, tiie present invention will be described more specifically below with reference to working examples 

and controls. This imrention is not limited to these examples. 

Example 1 

16 An oxide containing titanium and cerium was prepared by the foltowing method. As the source for fa'taniurn, 
a sulfuric ackJ aqueous solutkui of titanyl sulfate of the following composition was used. 
TiOSO^ (reduced to VlO^ 250g/llter 
Total H2SO4 1.100 g/liter 

" A solution of 9.6 kg of cerous nitrate ICe(N03)3.6H201 in 100 liters of water and 4.7 liters of the aforemen- 

20 tioned sulfuric add aqueous solution of titanyl sulfate added thereto were vigorously mixed. The resultant mbct- 
ure was kept at a temperature of about 30*^0 and thoroughly stirred and aqua ammonia was gradually added 
dropwise thereto until the pH value reached 8. Then, the produced mature was left standing In the ensuant 
state for 15 hours. The gel consequentlyobtained was separated byfiltratton, washed with water, dried at200''C 
for 10 hours, then calcined in the open air at BSO^C for 3 hours, and further puhferized. to obtain a powder. 

25 This powder was found to have a composition of TiOs : CeOz = 4:6 (molar ratio) [23.6 : 76.4 (weight ratio}] 
and a BET specific surface area of 50 ih^/g. In a kneader. 4 kg of the powder menttoned above, 1 .4 kg of water, 
and 120 g of starch were thoroughly kneaded. The resultant mbcture was kneaded during simultaneous addition 
thereto of a suitable amount of water, extrusion molding the Icneaded mbcture into a honeycomb die having an 
aperture diameter (equivalent diameter of through holes) of 4 mm, a cell wall thidcness of 0.7 mm, and an open- 

30 Ingrafioof 72%. dried at 120*^0 for six hours, and calcined at SOO'^C for six hours. 

The molded structure consequently obtained was impregnated with an aqueous platinic chlonde solutk>n, 
dried at 120*^ for sbc hours, and then calcined at 400**C for sbc hours. The finished catalyst had Pi canied in 
a ratto of 0.4% by weight The oomposiGon of this catalyst was T1O2 : CeOa : Pt- 23.5 : 76.1 : 0.4 (weight ratk)) 

35 Example 2 

A powder of dry titanium dioxide was obtained by following the procedure of Example 1 , except that the 
use of cerous nitrate and the step of calcination were ontitted. This powder had a water content of 5% by weight 
3.4 kg of the powder was mbced with a solution of 4.4 kg of cerous nitrate in 1 0 liters of water. The mbcture was 
40 dried at 80*'C for 12 hours and then at 120^ for sbc hours, calcined in the open air at SOO'^C for five hours, and 
puhrerized. to obtain a powder. The powder was found to have a composition of TiOa : CeOa ^ 8 : 2 (molar ratio) 
(64.9 : 35.1 (weight ratio]) and a BET specific surface area of 90 mVg. 

in a kneader. 4 kg of the powder, 1.5 leg of water, and 40 g of starch were thoroughly kneaded. The resultant 
mbcture was extrusk>n molded into cylindrical pellets 5 mm in diameter and 6 mm in length, dried at 120^0 for 
45 sU hours, and calcined at TOC'C for three hours. 

Then, a catalyst having Ru cam'ed in a ratio of 1 .5% by weight was obtained by following the procedure of 
Example 1, except that an aqueous ruthenium nitrate solution was used in the place of the aqueous platinic 
chloride solution. Ttie composition of this catalyst was Ti02 : CeQz : Ru = 64.0 : 34.5 : 1.5 (weight ratio). 

so Example 3 

A mixture obtained by adding to 3.9 kg of a commercially available anatase type titanium dioxide powder 
(BET specific surface area 70 m^g) a solution of 2.4 kg of cerous nitrate in 5 liters of water was dried at SO'^C 
for 12 hours and at 120**Cforsix hcnirs and then puh^erized and mbced In a ball mill forfbur hours. The produced 
55 mixed powder was cateined In the open air at 700*^0 for three hours and pulverized, to obtain a powder. The 
powder was found to have a composition of Ti02 : CeOa -9:1 (molar ratio) (80.7 : 19.3 (weight ratb)) and a 
BET specific surface area of 40 rri^/g. 

A honeycomb-shaped catalyst having an aperture diameter (equWaient diameter) of 6 mm, a cell thickness 
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of 1 mm, an opening ratio of 73%, and a Pi deposition ratio of 0.6% by weight was obtained by fbliowing the 
procedure of Example 1. The composition of this catalyst was TIO2 : Ce02 : Pt- 80^ : 19.2 : 0,6 (weight ratio). 

Example 4 

5 - 

Waste water treatment by the wet oxidation technique was carried out fc>y the following procedure severally 
using the catalysts obtained in Examples 1 to 3. A reaction tube made of stainless steel was packed with a 
given catalyst and a preheated mixture of waste water with air of an oxygen concentration of 21% was corv 
tinuously introduced for 4,000 hours into the reaction tube via the lower part thereof. The waste water samples 

10 taken at the inlet and the outiet of the reaction tube were analyzed for COD (O) to determine the ratio c/f removal 
in the initial stage of treatment and after 4.000 hours' treatment The catalyst was tested for strength in the initial' 
stage of reaction and after 4,000 hours' reacton to detenmine the strength ratio of the catalyst The waste water 
subjected to the treatment had a COD (Cr) of 20 g/Iiter and a pH of 6. The reaction was canied out at a reaction 
temperature of 230*»C under a reaction pressure of 50 kg/cm2, with the waste water introduced at a space 

15 velocity of 1 .2 hM (based on empty tower) and the air at a space veloci^ of 1 00 hr^ (based on empty tower 
under standard conditions) into the reaction tube. The results of the treatment are shown in Table 1. 



Table 1 



20 




COD removal ratio (Jt) 


Catalyst strength ratio 


25 


Catalyst 


Initial 
stage 


After 
4,000 hrs« 
reaction 


After 4,000 hrs" 
reaction/initial stage 




Example 1 


99 


99 


0.96 


30 


Example 2 


98 


98 


0.95 




Example 3 


98 


97 


0.92 



35 Control 1 

1 ^ leg of water and 40 g of starch were added to 4 kg of a commercially avilable cerium owde powder, and 
kneaded thoroughly by a Icneader. The mbcture was extruded into a cylindrical pellet having 5 mm of diameter 
and 6 mm of length and calcined at 120''Cfor 6 hours and at 700^C for 3 hours. A catalyst having a Pt deposition 
40 ratio of 0.6% by weight was obtained by following the procedure of Example 1, except that the cylindrical pellets 
were used instead. When this catalyst was used in the reaction under the conditions of Example 4, tiiough tiie 
COD removal ratio was 99% in the initial stage of treatment, the catalyst strength decreased and powders of 
the catalyst generated, and tiie effic^n^ of treatment likewise declined with the elapse of time. After 400 hours* 
treatment, amount of the catalyst decreased and the reaction proceeded sparingly. 

45 

Example 5 

Waste water treatment was carried out for 500 hours at a reaction temperature of 200**C under a reaction 
pressure of 45 kg/cm^, except that a mbced gas containing oxygen in a concentration of 18% and ozone in a 
50 concentration of 1% was used In the place of air having an oxygen concentration of 21% and the catalyst 
obtained In Example 1 was used Instread. In this treatment, the COD removal ratio was found to be 97%. 

Example 6 

55 Waste water treatment was canied out for 500 hours by fbliowing the procedure of Example 5, except that 
an aqueous 3% hydrogen peroxide solution was supplied at a space velocity of 0.05 hM (based on empty col* 
umn) in combinatton with the mbced gas and the catalyst obtained In Example 1 was used instead. The COD 
removal ratio was found to be 98%. 
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Example 7 

A powder of a composition of TiO^ : LajOs-TS-a : 21 .7 (weight ratio) was obtained by following the procedure 
of Example 1, except that 702 9 of lanthanum nitrate (l^(N03)3.6H20) and 3.8 liters of a sulfuric acid solution 
5 of titanyl sulfate was used instead. Pellets of the same shape as in Example 2 were obtained by processing 
the powder in accordance with the procedure of Example 2 and then subjected to deposition of rhodium by 
impregnation. The composition of the produced catalyst was TiOa : La203 : Rh = 77.3 : 21 .5 : 1 .2 (weight ratio). 

Example 8 

10 . 

In 40 liters of water, 1 .95 kg of titanium tetrachloride (riCl4) was dissolved during simultaneous elimination 
of heat In the resultant solution, 80 g of finely powdered neodymium oxide (NdaOa) was dispersed and kept 
thoroughly stirred and, at the same time, adjusted to pH 9 by gradual dropwlse addition thereto of aqua 
ammonia. The resultant mbcture was left standing for 15 hours. The gel consequently formed therein was sepa- 
is rated by filtration, washed with water, dried at 180**C for five hours, and then calcined in the open air at 800*^ 
lor two hours. The powder obtained after the subsequent step of pulverization had a BET speclTtc surface area 
of 8 miVg. 8ame shape of a peOetized catalyst having a compositfon of Ti02 : Nd203 : MnQa - 82 : 8 : 1 0 (weight 
ratio) was obtained by following the procedure of Example 2, except that manganese nitrate was added to the 
powder. 

20 

Control 2 

Same shape of a pellefized catalyst having a composition of Ti02 : MnOa - 90 : 10 (weight ratio) was 
obtained by following the procedure of Example 8, except that a commerciany avflable titanium dioxide powder 
25 (BET specific surface area 140 m^/g) was used instead. 

Example 9 

Waste water treatment of the wet oMdafion technique was carried out by the following procedure severally 
30 using the catalysts obtained in the examples and the controls cited above. A reaction tube n>ade of stainless 
steel was packed with 1 liter of a given catalyst (catalyst bed iengtii 2 m) and a preheated mbcture of waste 
water wfth air of an oxygen concentration of 21% was continuously introduced for 4,000 hours into the reaction 
tube through the lower part thereof. The waste wBter samples taken at the Inlet part and the outlet part of the 
reaction tube were tested for COD (Cr) to detenmine the rerrKrval ratio in the initial stage of reaction and after 
35 4,000 hours' reaction. The catalyst strength was tested in the initial stage of reaction and after 4,000 hours' 
reaction to determine the catalyst strength ratio. The waste water subjected to the treatment contained 1 2,000 
ppm of acetic acid and 1 ,000 ppm of ammonia. The treatment was carried out at a reaction temperature of 230'*C 
under a reaction pressure of 50 kg/cm^^ vvith tiie waste water iritroduced at a space velodty of 1.2 hr-^ (based 
on empty tower) and the air at a space velocity of 60 hr^ (based on empty column under standard conditions) 
40 into the reaction tibe. The results obteined are shown in Table 2. 
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Claims 

1. A method for the treatment of waste water, which comprises wet oxidising the waste water with a molecular 
ox^en-containing gas of an amount 1.0 to 1.5 times that theoretically necessary for decomposing any 

.5 organic sut>stances and/or inorganic substances present in the waste water to nitrogen, carbon dioxide, 

and water, at a temperature not exceeding 370*>C under sufHdent pressure for the waste water to remain 
in a liquid phase, in the presence of a sdid catalyst comprising of a first catalytic component formed of 
titanium dioxide, a second catalytic component formed of the oxide of an element of the lanthanide series, 
and a third catalytic component containing at least one metal selected from manganese. Iron, cobalt, niclcel, 

10 tungsten, copper, silver, gold, platinum, palladium, rhodium, ruthenium, and iridium or water-insoluble or 

sparingly water-soluble compound of any of these metals. 

2. A method as claimed in Claim 1, characterised in that the proportion of the first catalytic component is In 
the range of 5 to 98% preferably 10 to 96% by weight as oxide, that of the second catalytic component is 

IS in the range of 2 to 95% preferably 4 to 90% by weight as oxide, and that of .ttie tiiird catalytic component 
is in the range of 0.05 to 25% preferably 0.1 to 9% by weight as metal or oxide, up to a total of 1 00%. 

3w A method as daimed In Claim 1 or Qaim 2. characterised in that the second catalytic component is the 
oxide of at least one element selected from lanthanum, cerium, praseodymium, neodymiunn, and samarium, 
20 preferably lanthanum, cerium, or neodymium. 

4. A method as daimed in any preceding dalm, characterised in that in the third catalytic component, man- 
ganese. Iron, cobalt, nickel, turigsten, copper, and/or silver to be used Is in the range of 0 to 25% preferably 
0 to 9% t>y weight as a compound and that of platinum, gold, palladium, rhodium, ruthenium, and iridium 

25 is in the range of 0 to 10% preferably 0 to 5% by weight as metal, the total amount of the two spedes of 

metals being In the range of 0.05 to 25% preferably 0.1 to 9% by weight 

5. A method as daimed in Claim 4, characterised in that the first catalytic component accounts for a proportion 
in the range of 10 to 84% by weight as oxide, the second catalytic component accounts for a proportion in 

30 the range of 16 to 90% by weight as oxide, and the third catalytic component accounts for a proportion in 
the range of 0.1 to 9% by weight as metal or compound. 

6L A method as daimed in any preceding Qaim, characterised in that the catalyst is obtained by intimately 
mbcing the first and second catalytic components preparatorily, preferably by a coprectpitation technique, 
ss caldning the resultant mbcture, and then adding the third catalytic component to the caldned mbcture. 

7. A method as daimed in any preceding Claim. 

8. A method as daimed in Claim 7, characterised in that the catalyst is. an integral structure in the form of a 
40 . honeycomt>-shaped catalyst having through hdes 2 to 20 mm to equivalent diameter, cells 0.5 to 3 mm in 

wall thidcness. and openings representing 50 to 80% in ratio. 

9. A method as daimed In any preceding Claim, charaderised in that the readion temperature Is in the range 
of 100to370*»C. 

4S 

10. A rnethod as daimed in any preceding Qaim. characterised by passing the waste water In combination 
with the molecular oxygen-containing gas through a bed of the catalyst in the presence of ozone and/or 
hydrogen peroxide. 

50 11. A method as claimed in Claim 10, characterised in that where ozone is used, it is present in the range of 
0.001 to 1.2 mols per mol of the an>ount theoretically necessary to decompose the organic substances 
and/or Inorganic substances present in the waste water, and in that where hydrogen peroxide is used, it 
is present in the range of 0.001 to 1.8 mds per md of the theoretical amount necessary to decompose the 
organic substances and/or inorganic substances present in the waste water. 

55 
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